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AisuTMGI 


From a study oa nitrification it is found that the 
nitrificationr-denttrification system has a tremendous potentiality 
for the treatment of fertilizer wastes, which, peraaps, cannot be 
treated by any conventional biological process because of their unique 
characteristics marked by a hi|^ content of aaononiacal nitrogen. 

To obtain basic data regarding the factors governing 
nitrification, controlled laboratory studies were conducted with 
domestic sewage containing nitrifying seed. 

A nitrifying column was used to find out the inhibitory 
concentration of substrates on nitrifying bacteria and also to find 
out the effect of pH on these microorganisms. The irinibitory 
concentrations for Hitrosomonag are 1^0 mg/l (0*t0 i*) and 

1100 mg/1 (0.0799 ^^2"* ®«d for Hitrobacter . <) 6 k lag/l (O.O69 H) 

nitrification has been found to occur at extreme pH values 
like ^3ad 9»5» 3Jhe optimum ranges of pH are bo 6*5 and 8.0 to 
8.5 for x^itroaomonaa and Hitrobacter . respectively. 

From the study on the continuous flow reactor, it is seen 
that nitrification best proceeds up to a nydraulic loading of ^4 /ul/(day)(l) 
when the aaimonia-nitrogen concentration in the influent is 700 mg/1. 

it IS also found that the substrate concentration, G, in the 
reactor is independent of the substrate concentration, Hg, in the 
influent .up to a certain value of and this value of is dependent 
on the flow-rate or hydraulic loading. For flow-rates of IO6O jal/day 
and 640 ml/ day, corresponding values of are 7OO mg/l and 950 “i@/l 
respectively end above these values, d is not independent of Og. The 
reactor volume in both these cases is 5 liters* 
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A. iUTKUiJUUXJ.Ul'i 


A variety of waste products are discharged by industries- 
These may be as (1) solid wastes, which are normally dumped on ground, 
(2) gaseous wastes, which are led into the atmosphere, and (^) liquid 
wastes, which are discharged into streams and watercourses directly 
or throu^ the waste collection and disposal system of a city or 
applied on land. Since streams and other watercourses are used for 
various other purposes also, the licpid wastes are mostly encountered 
by us and they constitute what is called as industrial wastes (1). 
Idoreover, out of ail those three types of wastes, liquid wastes are 
becoming moat conspicuous because the capacity of various waterbodies 
to assimilate waste material is fast getting eidiausted* Furthermore, 
the water from streams and lakes is being used in greater quantities 
and for increasing number of uses which demand ^eater purity of 
water . 

With the advent of ever increasing chemical plants, the 
existing treatment processes are modified or new methods have to be 
developed to ensure a safe and amenable disposal of the wastes. The 
addition of fertilizer industry to the industrial sector has, 
perhaps, constituteiL a unique problem of waste treatment and disposal. 
As more and more fertilizer plants are coming up, not only in India, 
but in all parts of the world, proper treatment of such wastewaters 
is becoming imperative. 

For the nutritious nature of its waste C, the problem 
associated with fertilizer wastewater is the turning over of the 
oligotrophic nature of the receiving water to an outrophic one 
which is undoubtedly harmful for well established reasons. Lackey (2) 
has enumerated some of the ills while discussing the effect of 



fertilization of receiving waters* These are* (1) growth of algae, 
among which some may be toxic in nature, (2) aesthetic harm, such as 
an unpleasant appearance, taste and odour in potable water imparted 
by growing algae and obnoxious odours froja algal decomposition, and 
(5)accuiBulation of dead organic matter iidiich exerts BOD, thereby 
taxing the oxygen resources* Apart from these, presence of nutrients 
mich as Mij or KOj which may be biologically converted to the 
latter in a waterbody or in drinking water causes methemoglobinemia 
in which the oxygen transport system in the human body is affected (5) • 
Treatment of wastewater from a fertilizer plant requires 
special considerations because of the fact that it contains an 
unusually higji concentration of ammoniacal nitrogen which perhaps 
cannot be eliminated by employing the conventional treatment processes 
which are normally advocated for treating domestic or municipal 
sewage. Usually, nitrogen is removed from the wastewater when it is 
synthesized into algal or bacterial protoplasm which in turn is 
separated from the liquid stream* This approach essentially depends 
on a oalanced substrate and environiaental conditions congenial for 
their growth. But this type of treatment is not feasible for 
fertilizer wastewaters as factors sustaining synthesis of bacterial 
or algal growth, viz*, carbon source, light, phosphorus etc* say be 
limiting or absent. Hence, treatment of fertilizer wastewater is not 
feasible by, say, conventional activated sludge process which 
requires a carbon source* Biiailarly, algal synthesis may be very 
low due to limiting li^t intensity or CO 2 concentration* 

Removal of ammoniacal nitrogen which constitutes the core 
of the problem can, however, be achieved by any one of the following 



three methods: 


U Cation Exchange Process 
2. Oxidation Pond or Lageon 
5* iiitrification-lJeiittrification System 

fhe first of these three treatment devices, namely Cation 
txchange process is vsry costly and the expected recovery of ammonia, 
it is apparent, will not justify the extra coat required. Hence, 
this method nay be abandoned as being not economically feasible. 

The last two processes, however, may prove to be practical 
and economically feasible althou^ the ultimate choice out of these 
two processes will come from a detailed design consideration and 
cost. 

Notwithstanding these factors and the fact that little is 
known about the requirements and behaviour of nitrifying organisms, 
the nitrification-denitrification system may have a hl^ potential 
for removal of ammoniacal nitrogen. This assumption finds support 
in the studies of Jhonson and Qehroepfer ( 4 ) who found that 
biochemical nitrification-denitrification system has a good potential 
for attaining hx^er removals of nitrogen at a more reasonable 
economic level. 

The present study delves into the possibility of adopting 
the nitrification-denitrification system. In particular. Investigation 
has been carried out to delineate the fundamental reactions involved 
in nitrification and factors influencing them. 



II, LITERATUBK REVIEW AND THEORETICAL GCKCKPTS 


A* Mitroggnoug Cottaiituents of Sewage 

Th« nitrogen cycle which Is operating in nature ia well 
eatabllahed. This nitrogen cycle, as suggested by Fry (^) is ^own 
in Figure 1, In biological treatnent processes, however, this nitrogen 
cycle is sli^tly modified according to Eckenfelder and O'Connor (6) 
and this is represented in Figure 2* 

In tbe case of raw sewage, the nitrogen content in it is 
usually found either as orgmic nitrogen or as free amiaonia nitrogen* 
Delwiche (7) and Bechir and Symons (8) concluded that organic 
conatituenta of sewage, exclusive of urea, constitute normally 10% 
of the total nitrogen. .Of this 10%, all species of nitrogenous 
compounds from amino acids througih protsins including the protoplasmic 
nitrogen of a large end various types of mloroflora can be expected* 
Hydrolysis of proteins and other complex nitrogenous compounds and 
the final decomposition of lower molecular wei^t residue resulting 
therefrom will be responsible for the presence of varied nitrogenous 
compounds* For the sake of analysis, Belwiche (7) has preferred to 
classify these complex nitrogenous compounds as followss (l)amino 
acids, (2)purine8 and pyrimidines, and (^)othsr nitrogenous compounds 
of lower molecular wdi^t* The degradation of these compounds will, 
however, be functionally dependent upon whether conditions are 
aerobic or anaerobic* The variation of pH of the reaction and the 
different intermediates resulting from such degradation will no 
doubt ploy a key role in such a treatment process, whether aerobic or 
anaerobic . 

Domestic sewages have been analyzed by a number of workers* 
fable 1 represents the values reported by Babbitt and Baumann (9) * 




FIG 1 THE NITROGEN CYCLE , AFTER FRY (s) 
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fABLlJ. 1 


TYPICAL SAMITAitlC CHAMIUAL AKAjbYaaS OF SBi^AGli 
(Kitro^n Compounds only) 


Constituent 

Strong, mg/l 

Modiuffl,mg''l 

rieak,mg/l 

Nitrogen, total 

85 

50 

25 

organic 

55 

20 

10 

free ammonia 

50 

50 

15 

nitrites (RNO2) 

0.10 

0.05 

0 

nitrates (RNO^) 

O. 4 o 

0*20 

0.10 


For Indian cities, Gharpure (10) has suggested different values 
of nitrogenous constituents in domestic sewage and these values are 
shown in Table 2. 


TAnbh 2 
ANAJLiYoia OF 

(Nitrogenous Constituents only) 


Particulars Places in India 



Poona 

Kanpur 

Lucknow 

Allahabad 

Free & Saline Ammonia 

2.65 ppm 

2.43 ppm 

6.24 ppm 

5-2 ppm 

Albuminoid Ammonia 

0.65> ppm 

1.80 ppm 

2.30 ppm 

1.5 ppm 

Nitrite Nitrogen 

nil 

nil 

nil 

nil 

Nitrate Nitrogen 

nil 

nil 

nil 

nil 

Total Nitrogen 

3.30 ppm 

4.23 ppm 

8.54 ppm 

4.7 ppm 


Conventional treatment processes like activated sludge process, 
trickling filter etc. have been found to treat domestic sewage 
containing above mentioned concentrations of nitrogenous compounds 
quite satisfactorily and the rate of nitrification occurring in these 









processes is appreciable. But, however, since fertilizer wastewater 
contains a very higjb concentration of ammoniacal nitrogen (in some 
instances, my be about 200 400 times that of domestic sewage), 

removal of ammoniacal nitrogen from such wastewaters by conventional 
treatii«nt processes is not feasible. 

B« Character! sties of Fertilizer lafaates 

Unlike domestic sewage, detailed study on the characteristics 
of fertilizer wastes have not been carried out so far. However, one 
may not err much if it is concluded that the wastewater of a 
fertilizer plant is rather unusual in character, particularly so 
because of its unKjue nature of carrying exorbitant amount of 
ammonia. Nevertheless, it may be worthwhile to consider the expected 
or estimated cheo’ac ten sties of such a wastewater for formulation 
of the basic ideas about the types of such wastewaters. 

Table shows the characteristics observed in the samples 
collected from two effluent streams of Sindri Fertilizer Plant, 

P.O. Sindri, Dhanbad, Bihar (11). 

The Urea Fertilizer Plant, Panki, Kanpur, Uttar Pradesh is 
expected to discharge wastewater of slightly different characteristics 
which are shown in Table 4.(12). 

From these two tables, it is apparent that ammoniacal 
nitrogen or free ammonia are major constituents of fertilizer wastes. 

In this context, it may be mentioned that in India, emphasis 
has mostly been given on the production of anaaoniacal or nitrogenous 
fertilizers (15)» There are about ei^t nitrogenous fertilizer plants 
in India, six plants are under construction and are likely to go 
into operation by 197 1 and another five are in proposal Figures 5 





FIG 3 MAJOR NITROGENOUS FERTILIZER PLANTS, AFTER S.LATEEF(14) 



F1G.4X0NSUMPT10N TARGETS AND LIKELY AVAILABILITY OF FERTILIZERS, 
AFTER S. LATEEF (!4) 





and 4 show the conausi^tion targets and distribution of various 
fertilizer plants throu^out the country (l4). 

fkausu 5 

OMKAUTHjiloi'iud OF WASTliw’Ari.R AT SXNhRI FhKTILIJiii Uh IT, AIR Uni 


Description 

Period No. 

of Reading 

(jonstituents 

Analysis in ppm 





Max* 

Min. 

Ave. 

Stream I 

May to 

15 

Total Phenol 

8.0 

0.2 

1.8 


June , 1965 


Cyanide as GN 

5*0 

0.05 

1.5 




amm. Nitrogen 

258 

7*0 

88 




Suspended 7190 

Solids 

9^ 55^9 




Oil 

24 

1.0 

8.2 




Flow in mgd 

5.2 

1.2 

2.1 

Stream il 

May to 


Phenol 

l 4 .o 

0.1 

0.7 


June, 1965 


Cyanide 

5.2 

0.4 

1.2 




Amm, Nitrogen 

959 

542 

515 




Suspended 

Solids 

790 

97 

598 




Oil 

29 

2.0 

11*5 




Flow in mgd 

9.8 

8.2 

7*8 


It is perhaps conclusive to remark that for not only present 
but for the coming future, wastewaters of the fertilizer plants in 
India will be enormously rich in nitrogenous compounds, especially 
in ammonia and thus removal of ammonlacal nitrogen may assume a 
significant role in any treatment process for the fertilizer 


wastewaters 






TABU, 4 


bSTIMAKB GMIiAUthRISTICS 0 ? URt-A PLMT.KAHPUR 




kg/hr 

ppm 

Voliame 

107 M^/hr 



Temperature 

45® c 



Urea 


114*7 

1065 

NHj 


149.5 

l 4 lo 

00^ 


200*5 

I860 

Other dissolved 

solids 

156.4 

1280 

Total dissolved 

solids 

251.1 

2545 

Suspended solids 

-> 

- 

Total solids 


251.1 

2545 

Ammoniacal Nitrogen 


1160 

C. Elimination 

of Ammonia 

- Nitrogen from the Wastewater 


The ijBportance aind necessity of removal of anuttoniacal 
nitrogen from the fertilizer wastes are beyond all doubts. But for 
their rather unique characteristics, the choice of treatment methods 
is somewhat limited* 

Wuhrmann ( t5) hi&s pointed out that the elimination of 
eutrophicating compounds of nitrogen is a primary rec^irement of 
sewage purification in many localities, in view of the dangers of 
secondary pollution of watercourses and lakes due to excessive 
growth of photosynthetio organisms. 

Before considering the various possibilities of elimination 
of ammonia-nitrogen, it is apt to point out that till now no 
sigiificant studies have been made towards the treatment of 






fertilizer wastes* Whatever studies have been carried out so far, 
most of them are based on removal of nitrogenous compounds from 
ordinary domestic sewage. 

Nevertheless, earlier workers have noticed that moat of the 
nitrogen which is eliminated is of organic nature (about one-half 
or one-third of it is on account of the suspended solids in the 
raw sewage) . but it is remarkable that the concentration of the total 
inorganic nitrogen also decreases appreciably. This is particularly 
noticeable in the case of experiments carried on for long aeration 
periods in activated sludge systems (15)* However, complete 
elimination of the primary suspended solids in the raw sewage could 
only account for a nitrogen elimination to the extent of 20 to 
of that actually observed. Therefore, the probable inference would 
be that most of toe nitrogen removed from toe acwa^ during toe 
activated sludge treatment, perhaps, comes from toe dissolved 
organic or inorganic nitrogen ( 15) » 

Many workers have experienced that a substantial portion of 
the nitrogen compounds eliminated is transferred to toe solids of 
the activated sludge. Uomplete nitrogen balsmce of experiments 
demonstrating striking nitrogen deficits probably points out 
occurrence of bacterial denitrification in the course of treatment (15). 

Sawyer and Bradney ( 16) have reported biochemical nitrification 
and denitrification processes occurring in many biological treatment 
plants like activated sludge process where nitrites or nitrates are 
associated with the effluent. Snell (17) has demonstrated the 
subsequent loss of nitrogen gas when nitrate bearing sludges have 
been added to the anaerobic sludge digesters. The Kraus modification 
of toe activated sludge process has shown hi^ removals of nitrogen 



throu^ the addition of a hi^ly nitrified flow to tne aead-end of 
the aeration tank. 

Barth et al. (18) reported from the bench and pilot scale 
studies that modified activated sludge process with controlled 
zones of anaerobiosia can reieove of the influent nitrogen. Some 
of the special recommendations (for exainplo, tapered aeration, atop 
aeration etc.) may prove their selection especially at higher loads. 

Heukelekian (19) observed that the presence of organic mtter 
in sewage does not influence the rate of nitrification of sewage. 
Moreover, nitrification in seeded sewage proceeds at about the same 
rate as in a mineral solution and with the addition of activated 
aludgie, nitrification proceeds rapidly. Ludzack and Ettinger (20) 

suggested that processes involving associated nitrification and 

1 

denitrification have the potentiality for providing better effluents 
from the standpoints of oxygen demand and nitrogen elimination at 
lower air requirements in the usual tank capacity. Sringpiann ot al* (21) 
reported 77^ removal of ammoniacal nitrogen in the form of nitrogen 
gas by means of biological nitrification and denitrification 
processes, tvuhrmann (15) in a similar context has pointed out that 
elimination rate of nitrogen decreases with decreasing aeration 
periods. 

Rohlich (22) cites a couple of jaethods which could bo profitably 
employed for removal of nitrogen such as, ( t)Guggenheim process (a 
chemical process operating on the principle of ion exchange), 
(2)Biological treatment method (treatment by activated sludge process 
accounted for 65 to 90 % removals of iiHj-N whereas by oxidation pond, 
the removal was about only) . He has also pointed out that by 
nitrification-denitrification system, Wuhrmann achieved a removal of 



90^ for total nitrogen. A conventional plant produced an effluent 
containing 12 to 15 PPei of total nitrogen which accounted for 
about 4o to reduction whereas in the microbial nitrification- 
denitrification process, the final effluent contained only 2 to 4 
ppm of total nitrogen showing a reduction of mors than 90 ?'»* 

saksman ( 25 ) has stated that nitrogen cannot be evolved as 
a gas xmloss it is present in a nitrite or nitrate form when a 
large percentage of the nitrogen will break down into Ng, KgO 
and hO gases which will finally escape into the atmosphere. 
i'lcKiimey (24) and Conway, Symons and McKinney ( 25 ), and Symons (26) 
have presented the basic concepts of the use of nitrates in 
stabilizing wastes with the resultant loss of nitrogen as a gas. 
Ludzack and Kttinger (20) concluded from their studies that 
increasing nitrification and denitrification in the activated 
sludge process offer the best means of diminishing effluent 
nitrogen in the plant. 

In summary, processes such as activated sludge utilizing 
nitrification and denitrification and oxidation pond can remove 
nitrogen to a considerable extent. However, such removals have 
been observed for domestic wastes which have an insignificant 
amount of nitrogen as compared to fertilizer wastes. 

. I). Role of Iticroflora 

According to Delwiche ( 7 ) , vigorous nitrifying flora may be 
expected in wastewaters containing ammonium ion, provided oxygen 
IS readily available. These nitrifying flora are the kingpin of 
the nitrification process. 

The nitrification-denitrification system as the nsuae suggests, 
comprises of two distinct stages: ( 1)nitrification and (2)denitri- 



fxcation* For removal of ammoniacal nitrogen, both the processes 
are essential since this is a two- stage treatment and the second 
stage is dependent on the first for ultimate removal of ammonia. 

both nitrification and denitrification processes are 
discussed below. 

1 .Nitrification 

liitrification may be defined as the oxidation of some more 
reduced forms of nitrogen (for example, hH^) to the nitrite or 
nitrate valence (27). nitrification again can be distinctly split 
up in two stages: (1) oxidation of ammonia to nitrite (sometimes 
called as nltrosofication or the first stage of nitrification) 
and, (2) oxidation of nitrite to nitrate (known as nitrification or 
the second stage of nitrification) » However, the exact mechanism 
of these oxidative processes are not exactly known, but it has 
been found that for sustaining these oxidative reactions, calcium 
ions are essential (27) . 

In the first stage of nitrification, the organisms involved 
are members of the genera: Mitrosomonas, Hltroaospira, .Mitrosocystis, 
and I'jitrosogloea (28) (29) . The overall energy yielding reaction 
of Hitrosomonas (which is most common of the genera listed above) 

is as follows (4): 

+• ■!" — 

M4 O2 » 2 H b H2O + MO2 (1) 

These nitrifying bacteria are hi^ly sensitive and specific in 

nature. Moreover, they are strict autotrophs (JO). 

The second stage of nitrification, on the other hand, is 
carried out by another specific group of autotrophic bacteria, 
known as Hitrobacter which, however, cannot oxidize ammonia to 
nitrite (28) . The energy yielding reaction in the oxidation of 



nitrite to nitrate by Hitrofaacter can be represented as follows (4)s 

1^02“ V 0*5 -^2 “ (2) 

Aleem and Alexander (5I) have reported the recognition of 
two distinct species, Hitrobacter winogradakyl and hitrobaeter 


Kxi sting informtion recording the most common species of 
Hitroaomonaa and Mitrobacter is summarized below in Tables 5 ^ 

respectively (52). 

TABLis. 5 

iWTROSUilOMa bUROPALA 

Taxonomy* 


Order 

- Pseudomonadales 

Suborder 

- Pseudomonadineae 

Family 

- Mitrobacteraceae 

Genus 

- l^itrosomones 

Species 

- europaea 


Cellular characteristics: 

Morphology - Rods, almost ellipsoidal. 

Motility - Motile, swarm cells. Flagella polar, 4 to 8 yU in 
length occurring singly or in a mass. 
i5iae - 0.9 to 1.0 by 1.1 to 1.8yU» 

Habitat - doil, widely distributed. 

Cultural characteristics: 

Aqueous media with salts - Grows readily at bottom in soft 

masses around 14^0^. 

Silica gel colonies - Small, compact, brownish, well defined. 
Physiological characteristics: 


Biochemical action 



AiBMonla - oxidized to nitrite. 

Amonium salts - oxidized to nitrite. 

Growth factors 

Oxygen - aerobic 

Nutrition - Otrictly autotrophic; medium must contain 
ammonium salt such as Euomonium sulphate « 
magnesium carbonate and potassium phosphate. 

Inhibition - Chelating agents inhibit fornmtion of nitrite 
from ammonia* 

lAnU 6 

BITROBAUTIiS h'lKUGdAhofLlI 


Taxonomy; 

Order - P seudomonadale s 
Juborder - P aeudomonadineae 
Family - H itrobac tereraceae 
Genus - Ritrobacter 
Species - winogradakyi 
Cellular characteristicss 

/.orphology - dhort rods. 

Kotility - Uonmotile. 

.iOmbrane - Gelatinous* 

Staining - Gras negative; difficult to stain. 

Size - 0,6 to 0.8 by 1.0 to 1.2yu 

nabitat - Soil (alkaline) . 

Cultural characteristics* 

Washed agar colonies - In a week to 10 days, small, circular 

to irregular, li^t brown, becoming 


darker 



Washed agar slaat » Scanty, grayish, streak in 7 to 10 

days. 

Inorganic solution medium - Flocculent, sediment after 10 dayaj 

sensitive to aimaonium salts under 
alkaline conditions > 

Silica gel - small dense colonies, 

i'iinoral broth - Sediment in 1 week to 10 days. 

Physiological characteristic s« 

Biochemical action 

Hitrate - Formed from nitrite. 

Ammoiaium - Oxidissed to nitrites (nitrosofication) 

Growth factors 

Oxygon - Aerobic . 

Temperature - 25 to 28 ®0. 
i^utrition - Strictly autotrophic. 

According to burrows (5?)» iiitrosomonas europaea is the best 
known ammonia oxxdizer and Z^itrobaeter winofsradakyi is the most 
commonly encountered nitrite oxidiaer. Nitrifying bacteria, althou^ 
generally soil bacteria, nay also be found in frej^a water in swamps, 
streams and lakes (29) . 

One of the major difficulties in culturing these nitrifying 
bacteria resides in their extre ‘le seasltivity to excess substrates 
when in cultinres. Meyerhof 04 > found that Nitrosoaonas is 
Inhibited by its substrate (l.e. ammonia) and Kitrobacter is 
inhibited by its substrate (i.e. nitrite). It has been seen that 
there la a sharp substrate concentration optimum for both types of 
bacteria and it is quite contradictory to the normal behaviour of 
most other microorganisms with their respective substrates, woreover. 



studies point out that the efficiency of iSfitrosomonas decreases 
as nitrite aocuiaulates whereas growth of Mitrobacter slows down 
as nitrate aecumilates. Ag^ln, evidence also suggests that filtrobacter 
may bo inhibited by free amonxa and, therefore, xt will not 
develop often until hitrosoiBonas has lowered the aawonia level, (54). 
Siddiqi et al. (55) have found that significant inhibition of 
nitrificawxon occurs at a concentration of 0.10 ” ataaoni^! nitrogen. 

iiofamn and Lees (56} have demonstrated that the optimum ion 

1 

concentration fo|r Hfaxisaum nitrification is 0*005 M and very definite 
inhibition occurs at a concentration of 0*10 ii ammonia nitro^n, 

Various authors have noted the effect of pii on ihe activity 
of nitrifying bacteria. Jleyerhof ( j found that the optimum 
pH of witrosoaonas is 6.5 to 8.8 and that of Kitrobacter about the 
same (5^)« Hoftaan and Lees {56) found that the optimum pH for 
maximum activity of Nitrosoaonas is 8*5 whereas Aleem and 
Alexander (Jl) found that witrobacter aailis is most active at 
pH 8.0 • Extreme variation of pH to either side (acidic or alkaline), 
it has been found, may greatly alter or completely suppress 
nitrification. 

Macura (57) found that the method of continuous flow may be 
applied to the study of some aspects of the metabolic activity of 
soil microflora including nitrifying organisms. However, according 
to him, tne process of nitrification consists of several phases, in 
which different groups of microorganisms participate, these being 
furthermore inequally sensitive towards external factors and, as a 
result, no steady state can be observed in the study of nitrification. 
Apart from this, the ratio of the first and second nitrification 
phase is influenced by ammonia concentration or by the hei^t of soil 


column. 



If a comparison ia made with other bacteria, it is found that 
the nitrifying bacteria are not highly active. A Hitrosomonaa cell 
takes nearly an hoiar to produce twice ita wei^t of nitrite (54). 
Moreover, since ^Jitroaomonaa can live only in aerobic conditions, 
the oxygen consumption is relatively hi^. As a result of this, the 
yield of cells per unit of time, or per unit of oxygen consumed, is 
low. 

Various workers have reported several values for the ratio M s C 
(i.e., Hij-A oxidized t UO2 reduced). Winogradakyi (54) found this 
ratio to be about 55- Lmploying similar methods, kelson (54) foimd 
this ratio to be 15* On the other hand, Hea (54) found a value close 
to 55 i’or Boweke (54), between 55 and 55* 

It has been concluded from these values that old cultures will 
give higher figures of this ratio, i.e., they are less efficient in 
assimilating carbon. 

iiofman and Lees (54) have considered all these values of 
and have suggested the following equatiom 
log C » 0.75 Xog “ 0.55 

where 0 is the organic carbon formed and k is the nitrite formed, both 
in ag/l. It has been verified by Hofman and Lees (54) that the results 
of different workers, with different amounts of nitrite formed, are 
reasonably correlated by this equation. 

Prom this ratio of k » Q, thermodynamic efficiency of the nitrifiera 
can be calculated. For a ratio of 55» Meyerhof (4?) found that free 
energy efficiency of kitroaomonas is the other hand, for the 

value of H/O as 10 1 for kltrobaoter as obtained by tieyerhof (47), the 
free energy efficiency is 7»^» It is evident that yoiaag cultures would 
be much more efficient if the above equation holds good. 



Wttiie studying solution cultures, Warington (58) established 
the following faotst 

(1) A lainute seeding (0*1 go of soil in a large flask containing 
sterile atamoniuis sulphate solution) suffices to start nitrification* 

(2) Seedings of soil taken frosi more than 18 in* in depth were 
inactive, l.e., the organisms must be only in the upper layers of 
the soil • 

(5) imall amounts of phosphate are needed for nutrition and growth. 

Since nitrification is essentially an oxidative process, 
continuous supply of oxygen or air is insisted upon* From Kqs*(1) 
and (2) , quantity of oxygen required for complete nitrification 
of ammonium ion (or ammonia) can be theoretically determined which 
may help in assessing air requirements in any nitrification unit. 

2* Denitrification 

Denitrification loay be divided into dissimilatory and 

assimilatory reductions. The term ’denitrification* usually refers 

to dlaaitoilatory reduction (27)» This term, however, can be 

applied to the reduction of any form of nitrogen. 

Waksman (25) has suggested the following steps in the case 

of denitrification j 

HO^ /Oil 

i!i - 0 4- 2 H — ► iM +• (5) 

llitrate Nitrite 
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Nilirogen (gaa) 

The denitrifying organisms reduce nitrate to nitrite or to 
molecular nitrogen and even to ammonia in substituting either 
nitrate or nitrite for oxygon as the hydrogen acceptor (59)* A’hen 
nitrite is the end product of the activity of one organism it may 
either be reduced further, thus completing the denitrification, or 
may be oxidized back to nitrate by some species other than 
denitrifying organisms. Reduction to ammonia, however, is a 
different process from normal denitrification reactions and it has 
been found that aeration promotes the reduction to ammonia (5^). 
denitrification, on the other hand, is an anaerobic process in 
essence. 

It has been established by baksman (2^) that the process of 
denitrification is due to the denitrifying activities of the genus, 

1 seudomonas . Two organisms have been isolated, one probably Ps « 
pyocyanea producing iJ 2 and NgO, the other, 1^. stutzeri forraing 
mainly il2* Apart from these two organisms, there is one more distinct 
species, Fs. denitrifican which is considered responsible for 
reduction of H 2 O to nitrogen gaa. 

The interesting fact is, perhaps, to note that denitrification 
may occur to some extent in aerobic conditions althcu^ denitrification, 
as it is, an anaerobic process (54). 

E. Reactor Jiinetics 

Mathematical or rational formulation of biochemical studies is 
sometimes difficult because of the uncertainty of the actual stages of 
reactions taking place inside the reactor, dut nitrification being 



distinctly known, a rational forinulatlon of the reactor kinetics ia 
possible and naay be suggestive for striking a balance of the influent 
and the effluent nitrogen concentrations and thus developing design 
criteria. 

'i'he following mtheamtical model represents the reactor kinetics 
which are applicable to a completely mixed reactor in which biochemical 
reactions are brou^t about by microorganisms as given by Herbert (40) , 
Aiba et al. (4t) etc. on the basis of work by honod ( -^0 ^ » 

In a completely mixed sin^e stage reactor of volume VI, in 
which the substrate which lisnits the growth rate is being fed at the 
rate of i' 1/hr, the mass balance equations re^rding the cell 
concentration .< mg/l, product concentration P m.g/1 and substrate 
concentration 3 mg/l can be expressed respectively as follow# t 
X 




or, ^ . yUX - i)X (7) 

dt 

-1 

where yU is the soecific growth rate constant, hr , and D is the 
dilution rate (ij a^/V) , hr \ 
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where is the yield of product per unit cell mass produced, 
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wiKsr* So i* the coitcentratlon of substrate, ag/l, in the influent 
and ¥^s is the yield of cellular imss per unit substrate conauaed. 

At steady-state condition, the left hand side of e (Rations 
from ( 7 ) to ( 9 ) is zero and these equations sire, respectively, 
reduced to 
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where /Umax ^.a the maxiimim value of the specific ^owth rate 
constant and Kq is the saturation constant in Mr~^ and mg/l 
respectively. 

To develop design criteria, the above equations can be 

combined and rearrsmged as follows t 

S ss D.Ka ( 15) 

/btaax ” 

X =* ¥ 3^3 (So - S) = ¥VS (So - h.Ks ) (14) 

/^max *“ •S 

- VX‘ Vs (So - S) Yp /3 (So - b».Ka ) ( 15) 

/Umax — JO 

where Yp/g is the yield of product per unit substrate consumed- 

( Vs - ^ = Vx • Vs )• 

^ — i X Xi S 

The output of cellular mass or produotj; ffig''(l)(hr),can be 
determined from the following equations respectively. 
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I'U = U.Yt./,. 
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To find the particular value of D at which the output is 
maxifflum, Sjiax* first derivative of equations ( I 6 ) and ( 17 ) ia 



equated to zero to obtain 

Umax ** /toax ( 1 - / Kq ) ( IS) 

VK 3 +- So 

Figure ^ shows a plot of equations (15)»(1^) aod ( f 6 ) according to 
Alba et al. (4l) for steady-state relationships in a continuous flow 
reactor. 

hven though for most reactions K 3 ■4<So and the maxiiaua 
output occurs near the wash out stage, D approaching /Ug,a,x * 

Herbert (42) and oWior workers have pointed out that in practice 
it is difficult to maintain the steady-state at this level of flow, 
since a slight change of D would result in a large variation of P, 
a or X. 
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ill. OF mb onjm'nvh 


Various or^mxc and inorganic cheatical compounds which are 
either the raw jaaterials or the end-producta of fertilizer industry 
are potential water pollutants throu^ losses in manufacturing 
processes or end-use. Proper treatiaent methods should be ensured 
before these wastes are finally disposed to a river or stream as 
they may result in over-fertilization of the latter due to the 
presence of nitrogen in the wastes* Improved degree of nitrogen 
removal from such wastewaters, rich in nitrogen content, would be 
beneficial in helping to control the nuisance and uidiealthy 
conditions resulting from eutrophication of receiving watercourses. 

A-lthou^ it IS true that nitrification-denitrification system 
is yet to achieve popularity in biological waste treatment, it has 
been pointed out in the last chapter that it has got a high 
potentiality for treating fertilizer wastes which are very much 
unusual in nature. 

This little accpaintance with the application of such a 
treatment process, perhaps, gives a scope for a considerable 
amount of exploratory research and delineation of fundamentals 
involved, koreover, significance of new findings in this case may 
render appreciable improvement to the treatment plant to be 
designed and also may sGoako the handling of wastewaters easy and 
efficient both internally and externally. 

rfith whatever information available in this context, the 
followings have been outlined as the objectives of this study. 

A. Inhibitory Concentration of Ammonia 

Strictly speaking, inhibition is the word used to designate 
the taking in of water by protoplasm or gels (4^) . However, in 



general, iidiibition »eana prevention, as a result of the influence 
of nerve impulses, of activation of an effector (44). In the case of 
mlcroorgeuniiaffia, inhibition stops their ability to multiply end also 
sets beck their normal activities, fiormally, any growth can be 
inhibited j (1) by interfering witii the energy supply, as by 
poisoning oxidations; (2) by reducing the supply of loaterlals, 
especially of the most critical materials, such as vitamins, needed 
in small amounts and not replaceable; (J) by interfering with Ihe 
synthetic process itself, especially with its most vulnerable 
participants, the nucleic acids. Apart from these, the nitrifying 
bacteria have to figbt against irhibition when an excess simount of 
substrate is fed into them. 

l/i/astewater of a fertilizer plant being excessively rich in 
ammonia, the influence of ammonia on the nitrifying bacteria may be 
worth studying. Hence, the first stag© of this study was devoted to 
finding out tiie liohibitory concentration of ammonia on these 
bacteria. Undoubtedly, i^orance of this crucial concentration may 
upset the whole treatment process as the nitrifying bacteria will 
be rendered absolutely ineffective by this concentration of ammonia. 
b. Effect of pH 

It is a fact that the pH of a culture medium has an important 
effect on the number of survivors, iiost organisms are most easily 
killed in acid or alkaline solutions than in a neutral or nearly 
neutral environment, i oreover, changes in the pH of an enzyme 
system often profoundly alter the reaction rates. In fact, enzymes 
are as sensitive to alterations in pH as they are to temperature or 
even more so. They have definite ..iniaal, optimal end maximal zones 
and limits in rei^ect to pH, Just as they do to temperature (28). 



Since whatever is applicable to enzymes is largely applicable to 
living cellsj the reaction of bacteriological culture laedia must, 
therefore, be very carefully adjusted with, respect to pH» 

An optimal pH range exists for aKy enzyme, or for that 
matter, for any culture, fhis pH value is, however, not fixed but 
varies with the state of purity of the enzyiae, it^j biological 
sfxtrce, the temperature, and the nature and comentration of the 
salts present (^) * 

In the last chapter it has been sdiown that for Nitrosomonas 
and liitrobacter, the optimal pH values are different* Moreover, 
there is a scope for ambiguity for their optimal pK values as 
various workers have arrived at different values. 

The second part of this study is, therefore, devoted to 
finding out the relationship of nitrification with respect to pH 
and to determine the optimum pH values for both types of nitrifying 
organisms. 

0* Nitrification in a Coiapletely Mixed Continuous Flow Reactor 

It is not unlikely that the rate of nitrification found in 
batch processes and similar bench-scale and pilot-plant studies 
nay be different from that of a continuous flow and completely 
mixed reactor. Hitrificatlon, as has been shown earlier, is 
essentially an aerobic process and depends on a large ataaber of 
factors such as, amount of nitrifying flora present, rate of 
aeration, concentration of substrate, various operating conditions 
(viz., temperature, pH etc.) etc. 

Suggesting a treatment device without proper design data is 
of little significance. In any biological waste treatment, design 
of the plant is mostly dependent on such factors as the shape and 



siae of the unit, optiaaiBi detention tia® or hydraulic loading, and 
substrate loading* 

For developing the design of nitrifxcatlon-denitrxfication 
syste.i,, the following factors were studied s 

1. Effect of hudraullc loading 

2. Effect of aibstrate concentration 

Investi^tions pertaining to shape and size of the reactor 
and oxygen consumption were, however, not considered. 



IV. n&fLRIALS Afifi! .‘ii-THODS 


A. l:uxpggimental IMaign and fcouipawnt 

Heukelekian (19) coiieiuded that oxidation of carbonaceous 
materials does not Inhibit or retard nitrification which can take 
place sifflultaiwoualy, provided that i (1) the oxidation of carbonaceous 
aateriais does not create a deficiency of oxygen, and (2) there is 
an active nitrifying flora. In literature review also it has been 
discussed that sone factors and operating conditions laay directly 
affect nitrification, for exaaqcjle, (1) aipply of oxygen, (2) supply 
of substrate (ammonia, in this case), (J) proper pH value, (4) supply 
of re<|uired carbon dioxide etc. 

> hile planning the experiments, due consideration was given 
to all these various aspects. Experiments were conducted using both 
batch and continuous flow operations in laboratory reactor units. 
Solution of ammonium chloride (HH401) was used to assess nitrification. 
1. Source of nitrifying bacteria 

The nitrifying bacteria which are almost always found in 
domestic sewage, finding their way from soil, were cultured by 
aerating the domestic sewage. Jjomestic sewage is usually a good 
source for both types of nitrifying bacteria. 

For all experiments in this study, nitrifying seed was 
developed by aerating domestic sewage for a few days after adding 
an inorganic medium (described in the following section), substrate 
and buffer (to keep the pH at the desired level). When aifficient 
number of both Rltrosoaonas and liitrobacter developed as indicated 
by the accelerated rate of nitrification, the sewage was utiliaed 
as the source of nitrifying bacteria. 



Z* Inorfflsuaic laedlugt 


Since both Hltroaoaonas an4 Sitrobacter are strict autotrophs, 
they thrive only in inorganic nediu® and cannot utilize organic 
coapounds, some of which aay even prove to be inhibitory to their 
activity. In essence, autotrophs synthesize coaplex coapounds, 
coaposing tbeir protoplasm, from simple Inorgpinlo salts and utilize 
carbonates or carbon dioxide as their carbon source ( 29 ). 

Table 7 gi^ca the details of the inorganic medium used by 
diddiqi et al. (^^)* The same medium was provided in all the 
experiments in this study. 

TAbhb 7 


PeClj . 6 H 2 O 

0.125 

mg/l 

14gSOi|. • 7 H 2 O 

25.0 


K 2 HP 04 

5.0 

mgi^l 

CaOO^ 

50.© 

mg/l 

MaHCOj , 

250.0 

mg/l 

HH^Ol 

As desired 


The medium, althou^ contained CaCO^, had little buffering 
capacity as shown in Figure 6» Hence, a separate buffer was always 
added for keeping pH at the desired level. 

5. Inhibitory concentration of ammonia 

To find out the particular concentration of substrate at 
which it becomes inhibitory to the nitrifying bacteria, several tests 
were run in a nitrifying column, shown in Figure 7* 

The nitrifying coluiom was mounted on a wooden stand and it 







6. BUFFERING CAPACITY OF INORGANIC MEDlUM^SOml VOLUME 




was aerated by bubbling air throu^ it. k% the bottom of the inner 
colujaan, some holes were proTided for recirculation of the contents. 

I'he column was packed with coarse sand supported on gravel and at the 
top of this layer, glass beads were provided to resist lifting of 
sand particles. 

The column was filled with sewage containing nitrifying flora* 

To this^sufficient quantity of inorganic salts to keep the composition 
same as shown in Table ^ were added and 'Uie total volume in the 
column was made up to 2^0 jbI. Kvery day, a 50 ml sample was drawn 
from the column for analysis of jjlHj-H, iS02"*-N, MOj -H, organic 
nitrogen and pH and the same volume of feed was added containing 
ammonia-nitrogen concentration under study. iJetermination of dissolved 
oxygen in the column was done from time to time to ensure aerobic 
condition. The daily feed also contained the same inorganic medium 
discussed above. 

The rate of aeration, depth and position of the sand layer 

were not disturbed throu^out the study. Temperature was found to be 

o o 

fairly constant, varying between 29 C and 50 0. 

In the initial stages of this experiment, no buffer was 
added, out later on, as the pH went down, t M l^aOH solution was 
added to raise the pH level and, thereafter, a concentration of 0.1 i* 
phosphate buffer was maintained in the column. 

After the column Imd shown considerable nitrification as 
evidenced by a great deal of conversion of to ^ 02 ""^ and -H, 

the concentration of ammonia in the colvum was changed and so also 
for the subsequent feeds* 

The concentration of ammonia was thus irsreased till there 


was inhibition of nitrification 



4. affect of pH 

In th® nitrifying column do«eribed earlier, tests were 
conducted in a similar fashion to find out the effect of pH on the 
rate of nitrification* 

On the basis of esirlier experiments, an optimum concentration 
of ( 0.05 M) was chosen for this part of the study. The 

observations were started with a pH of 8*0 • This value was chosen 
on the basis of previous works by other investigators. Only when an 
equilibrium was attained, the pH value was changed, firstly, above 
8.0 and then, below 8.0. Before changing the pH from a higjh level 
to a low level (from 9.5 to 7*5* this case), the pH was first 
brought down to 8*0 and the column was maintained at this pH for a 
few days to achieve adjustment. 

The pH at various levels was maintained by using 0.1 i-. 
phosphate buffers. To change the pH value, sufficient amount of 
1 M SaOH or 1 1 ! KI ;^04 was added prior to adding the appropriate 
buffer. 

5« Hltrificatlon in a oonttmous flow completely mixed reactor 

As the discharges in actual operation would be only 
continuous, this phase of study was devoted to finding out 
nitrification in a continuous flow and completely mixed reactor. 

Figure 8 represents the laboratory set-up of the reactor- 
vessel along with other aeoessorles. The li< 5 iid volume in the reactor 
was maintained at 5 litre by keeping a constant level of over-flow. 
In the centre compartment, a bed of gravel, ^nd, and glass beads 
was provided and two diffusers were embedded in It for aeration. 

The centre compartment had holes in it for recirculation of the 
liquid* The fitow rate from the feed-tank was controlled by means of 
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DETAILS OF CONTINUOUS FLOW REACTOR-VESSEL 



a screw clamp fitted to the tab© from the feed-tank and was held 
constant by using a constant head siphon (45), as shown in the 
Figar© 8. The reactor- vessel was covered to prevent loss of 
evaporation. 

Saiaples were collected every 8-hoar interval and analyzed 
for N02”*~h, -iS* organic nitrogen, and pH. Determination 

of dissolved oxygen in the reactor was done txasi time to time to 
ensure aerobic conditions. 

The study of nitrification in the continuous flow reactor 
was designed into two phases. The first phase was devoted to finding 
out desi^ parameters involved, of hydraulic loading and maxiiaim 
growth constant ( M wnv ) of the nitrifying bacteria* This was 
achieved by observing the rates of nitrification at variwis flow 
rates. The azmonia- nitrogen concentration in the feed was kept at 
0.05 and pH at 8.0* These value# were selected on the basis of 
observations in the present stidy and earlier reports by various 
investigators* 

The second phase was designed to find out the effect of 

substrate concentration. In this case, a flow rate of about 1 X/day, 

-5 -1 

giving a F/V value of 8 .^ 5 X 10 hr was adopted. This value was 
chosen on the basis of observations in the first phase. The pH. was 
again maintained at 8.0 and only the concentration of ammonia- 
nitrogen in the feed-tank was varied. 

In both phases of study, changes in operational parazmeters, 
flow rate and ammonia- nitrogen concentration in the feed, were 
changed only when the system had attained an equilibrium in terms 
of rate of nitrification. 



6» Study of growth of nitrifying bacteria 

fJiia Bt«4y ws conducted to obtain growth kinetics of 
Hitrosofflonas and Nitrofeacter in batch systems and to obtain data 
to interpret and trerify the observations made in the earlier phase 
of present study. 

To obtain the growth curves, the laicroorganiams were 
cultured in two 1 1 conical flasks, each containing a sand bed. 

The growth medim. contained along with the minerals, 0.05 i* 

KHjtjOl for aitrosotaonas and 0*05 jjai©2 Mitrofaacter . In both 
the cases pH was sjaintained at 8.0 by laeans of 0*1 k phosphate 
buffer and the flask contents were aerated by passing air throu^ 
difftisers ffiibraergsd in the sand bed. 

•Vhile drawing samples for finding out i4PH (/.ost Probable 
humber), the vessels were stirred along with the sand bed by means 
of a glass rod quite vigorously so that the sample mij^t represent 
the true number of the nitrifying bacteria present in these vessels* 
B« Analytical Techniques 
1. AHaaonia-Mitroaen 

In the beginning, aismonia was esti’ucted by the distillation 
method (i.e., Kjeldahl uethod) as given in the Standard Methods (46). 
Later on, however, for greater accitracy, ammonia was determined by 
direct nesslerlzation method. This was done with the help of a 
Spectronlc 20 * 

The standard calibration ctarve for Mj-N is shown in 

Figure 9*. 

■t 

Manufacturer i Bauach & L<Hab Incorporated 
Rochester, Hew York 







2« Hltrite-Kitrogen 


Witrite was determined by aulfanilic acid - naphthylamino 
hydrochloride method as suggested in the Standard Rethoda (46) . 

In this case also, measurements were made by means of a Spectronic 
20, discussed earlier. 

The standard calibration curve for NO 2 is shown in 
Figure 10. 

5 . litrate-Ilitrogen 

Hit rate content of tiie samples was determined by Brucine 
method (46). As before, measurements were made by the Spectronic 20. 

The standard calibration ctarve for BO^ -N is shown in 
Figure 11. 

4. QrHanic Hitrogen 

Organic nitrogen was estimated by means of Kjeldahl 
method (46) . 

pH of the samples was ascertained by means of an 
2 

Expandomatic pH Reter . For calibration of the pH meter, two 
standard buffers, one in the acidic range and the other in the 
alkaline range were used. 

6. Dissolved Oxygen 

Dissolved oxygen content of the samples was measured by 

5 

means of a Precision Galvanic Cell Oxygen Analyser . 

The standard calibration curve for the DO Probe is shown 
in Figure 12. 

2 

Manufacturer : Beckman Instruments Inc. 

Scientific and Process Instniaents Division 
Fullerton, Oalifornia 926^4 




OPTICAL DENSITY 



FIG. iO. STANDARD CALIBRATION CURVE FOR NO 2 -N, DlAZOTiZED SULFANILIC 
ACID METHOD (46) 



OPTIC 



FIG II STANDARD CALIBRATION CURVE FOR NO 3 -N, BRUCINE METHOD (46) 
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DISSOLVED OXYGEN, rng/| 


FIG.I2.STANDARD CALIBRATION CURVE FOR DISSOLVED OXYGEN PROBE 



7 • Moat Probable Humber, MPtI, of Mitrosomonas and Hitrobacter 


Fi^jure 15 represents the set-up for finding out the j»lPM 
of Mtroaomonaa and Mitrobacter * The incoming air was saturated 
with water vapour by bubbling it throu^ water in order to 
minimize evaporation losses from the culture tubes* 

Ihe culture tubes contained 0.05 M M^jCl solution for 
Hltrosomonas and O.O 5 M Naii[02 solution for Kitrobacter * Apart 
from these two specific substrates for the two types of nitrifying 
bacteria, each tube contaimd the same inorganic medium, discussed 
before. For each test, a set of (> tubes, one contaning blank and 
5 with samples were used. The total liquid volume in each tube ims 
made up to 10 ml by adding distilled water. Each tube, excepting 
the two blanks, contained the nitrifying seed whose concentration 
was fixed by the expected number of nitrifying bacteria in a 
particular seuaplc. pH in each tub© was laaintained at 8.0 by adding 
0.1 M phosphate buffer. 

The tubes containing 0.05 KHi|Cl solution wer© tested for 
nitrite- and nitrate-nitrogen. Thosa tubes which had either of them 
were considered to be positive and the rest as negative. In a 
siisllar fashion, tubes containing 0.05 Maii 02 solution were tested 
for nitrate-nitrogpn and idiichever contained nitrate-nitrogen, was 
^ cclnsidered to be nositive. These tests were don© after the tubes 
were aerated for one day* In the trial runs, it was found that 
conversion of ammonia to nitrite by Mitrosomonaa or conversion of 
nitrite to nitrate by Mltrobacier very well takes place after 24 
hours and a longer period does not make a negative tube positive 
at all whatever be the extent of this period of aeration. 


Computing and recording of of Nitrosomonas and 




TED AIR SATURATED AIR 



FIG. 13 LABORATORY SET-UP FOR FINDING MPN OF NITROSOMONAS AND NITROBACTER 




Mitrobacter at confidence limits were made as per Standard 
Methods (46) . 


5 

Manufactxjrer t Precision Scientific Go. 

5757 West Oortland Street 
Chicago, Illinois 6064/ 




V. RKSULrS AHD DISCUSSION 


A» Inhibitory Uoneentration of Ammonia 

To find out the inhibitory concentration of atsmoaia, several 
runs were carried out with different molar concentrations of iffll^Cl 
using the nitrifying column. Figures l4, 15 and I 6 show the 
! cc^entrations of ammonia'-^ nitrite-, and nitrate-nitrogen in the 
column with respect to time for different concentrations of feed. 

The sharp decrease in concentration of N02-h and and increase 

in resulted duo to withdrawal of sample and addition of feed. 

From Figure 14, it is seen that the second stage of nitrification 
i.e., oxidation of nitrite to nitrate is rather slow in the beginning. 
According to Pry ( 5 ) , similar was the experience of Lees and Quastel 
who concluded that this is, perhaps, a lag period for Nitrobaoter . 

For feed concentrations of 70 O mg/l (0.05 i') and 1120 mg/1 (O.O 8 14) 
of HH^-N (Figures 14 and 15 ), nitrification proceeded satisfactorily 
and there were 70/-* and 85^s conversions of during periods of 11 

days and I 8 days, respectively. Out of the total nitrogen nitrified, 
only 20^4, and 10;i respectively were converted to nitrate-nitrogen. 

Prom Figure I 6 , it is seen that when the feed contained 0.10 M 
mitrobacter bacteria were inhibited first as indicated by 
constant decrease in nitrate concentration every day due to withdrawal 
of samples and dilution by aduition of feed containing NH^-K only. 

This iiihibition took place on the second day of addition of 0.10 M 
KHj-N to the colufm. During the first day, the nitrite-»i, nitrogen 
concentration in the colximn increased from 5 OO to 9*54 ag/l (O.O 69 M) 
and that of decreased from l400 to 770 mg/l (0.055 ^'0 • Therefore, 

it may be concluded that the inhibition was brought about by a nitrite- 
nitrogen concentration of 9^4 mg^l (O.O 69 i;4) . 
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TIME, DAYS 

FIG 14 RATE OF NITRIFICATION AT AN INITIAL AND DAILY FEED CONCENTRATION OF 700 mg / l(o 05M) NK 






FIG 16. RATE OF NITRIFICATION AT AN INITIAL AND DAILY FEED CONCENTRATION 
OF 1400 mg/ I (0*10 M) NH-j-N 


Whil« studying rate of nitrification by aitrobacter agilis > 
iileem and Alexander (51), and nitrification by a heterogenous 
population of nitrifying organisms, ^.eyerhof (54) concluded that 
nitrite accumulation becomes pronounced with greater ammonium salts 
applications which inhibit Mtrobacter . 

It is further seen from Figure l6 that nitrification continued 
till the 9th day even thoug^i the ammonia-nitrogen concentration in 
the column was increased to 1400 mg/l (0.10 H) initially. During 
this period, the nitrite-nitrogen concentration reached a level of 
1110 m^l. But from the 9th day, nitrite-nitrogen concentration 
started decreasing showing that the Nitrosomonas were inhibited. 

This indicates that the inhibition of Mitrosomonas was due to 
1110 mg/1 (0.0799 A) of N02-h. This observation being contradictory 
to the reports that it is 0.10 D KH^-N which inhibits Hitrosomonas. 
another aet of experiments, described below, were conducted for 
verification. 

Extent of nitrification by a nitrifying seed was observed in 
three series of medi\am tubes having different concentrations of 
iffi.-JS and fiOT-N as shown in Table 8. Table 8 also shows the extent 
of nitrification after 24 hours. These results are summarized in 
Figure 17. 

It is seen that in the case of Senes I, 0.10 i'JHj-U does 
inhibit nitrosomonas as in tubes containing 0.1011 and hi^er (0-12 M) 
concentrations of there was no appreciable nitrification. The 

observation in the experiment using column that 0.10 xi was 

converted to a02“n by Hitrosomonas may be because there wore some 
tolerant microorganisi&s which could sustain the dose and brou^t down 


the concentration to a level at which other organisms could 





iriTimCA^TIOH IS 24 HOUES AT TAEIOUS SOBSTHATS COSCS8T1ATIONS POS A COHSTAST IHOCtJLTM OP HITBIPIjgRS 




oxidiz* How9T«r n the above idea is questionable till the presence 
of a tolerant strain is demonstrated* 


The conclusion from observations of Series II that 1l20 mg''! 

M02-1'1 inhibits Hitrobacter further support earlier observation* 

For Series III in which varying concentrations of iJ02-N with an 
optimum concentration of M^N (700 mg/'l) were added, it is seen from 
Figure 17 that oxidation of Mj-N would atop when nitrite-nitrogen 
concentration is 7*5^ mg/l* This observation supports the result 
obtained in the study using the nitrifying column* 

The mass-balance for nitrogen itoowed a fairly good equality, 
discrepancy being to the extent of 5 7 mg^l* Out of this, some 

can be accounted for as the cellular requirement of the organisms. 

A few organic nitrogen determinations carried out during this 
study indicated an organic nitrogen concentration of 4 1^0 ^ mg^l* 
Furthermore, Hofman and Lees (^) concluded that the discrepancy 
in such a mass-balance laay be due to the formation of some 
intermediate product. Their studies were correlated with the theory 
of Kluyver and Donker (56) that the oxidation of ammonia by 
Ijitrosomoma proceeds via hydroxylamine according to the following 
step t 

/ ^ V 

n 

► ffiigOH - ^ (■’9) 

B. Effect of ,pH 

The effect of pH on the activities of nitrifying bacteria was 
studied in two series of experiment using the nitrifying column* In 
the first one , pH was varied from S.O to in the second one, 

from 8*0 to 5*5* Figures 18 and I9 show the concentrations of nitrite 
and nitrate in the sample drawn each day from the nitrifying column. 
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SAMPLE DRAWN ON DAY AFTER INITIATION OF STUDY 
FIG. 19-EFFECT OF PH ON NITRIFICATION, PH 8 0-5-5 



Uhang* from one pH level to another was made only after the aangjles 
showed constant concentrations of nitrite- and nitrate-nitrogen for 
at least two days. Percent of maximuia rate of nitrification calculated 
from these values is shown in Figure 20. The curve for nitrite- 
, nitrogen includes the quantity of nitrite-nitrogen which was 
converted to nitrate-nitrogen. 

It is seen that the optimuja pH level for Hitrosoaonas lies 
between 7*8 *ind 8»5 whereas the optimua pH range for Hitrobacter is 
bstween 8.0 and 8.5* koyerhof (54) (47)# however# found that the 
optimum pH for the oxidation of amflonia (i.e., for hitrosoaoiMas'^ lies 
between 8*5 aod 8.8 and that for nitrite oxidation (i.e.# for 
i^itrobacter’t . between 8*5 and 9*5* steep decrease in "Uie acid 
side as found by Meyerhof (47) was not confirmed by Ho&ian and Lees (58)* 
They found a much gradual fall, reaching a little above 50^ of the 
maximum rate at pH 6 ,^. Figure 20 shows a fairly good conformity to 
these results* 

F®** Hitrobacter. Hofman and Lees ( 58 ) reported the tendency of 
the curve somewhat more to the acid side as compared to that of 
Mtroa<»ttonas# the optimum pH for Hitrobacter being 7»7 while 
Meyerhof (5^) reported the optimum pH for Ijitrobacter to be between 
8.5 and 9 . 5 * optimum pH found in the present study for Mitrobacter 

lies between 8.0 and 8.5 which is closer to i^eyerhof* s results. 

According to Aleem and Alexander ( 5 I)# Hitrobacter agllis can 
respire within a wide pH ran^, 5.5 to 9 . 8 . They found that greatest 
oxygen upteike rate was at pH 8.0 slthou^ the respiratory rate of this 
organiffiB was quite high at pH 7-0 Tli® latter part of their 

results very well fits with the results shown in Figure 2i0 which daows 
9% rate of formation of nitrite-nitrogen between pH 7-5 a-n<i 





rate of foriiation of nitrate-nitrogen between pH 7.0 and 9.2. 
Unlike ;ieyerhof*s (^4) resultSf it is seen from Figure 20 tHat 
isitrosomonaa are active even at an acidic condition of pK 5*5 
an extremely high alkaline condition of pH 9*!^. The same statement 
holds good for Hitrobacter and, in this case, the fall in the rate 
of nitrification is more gradual than that in the earlier case. 
Utephenson (47) pointed out that organisms isolated from peat soils 
(pH 4.6) display a greater tolerance for acid, nitrification 
continuing at as low a value as pBl 4.t* 

According to 3tephenson (47), the optimum alkalinity and 

the rapid falling off in activity on both sides of the optimum 
value 1 ay be due to secondary inhibitory effects which become 
operative on both acid and alkaline sides. Probably as Aeyerhof (47) 
suggested, the rapid drop on the alkaline side is du© to the 
penetration of the oell by free ammonia. It was shown both by 
ft'arington (58) *tnd by Wino^adskyi (47) and confiraied by ueyerhof (47) 
that the oxidation of nitrite Is also unfavourably affected by 
ammonium salts, however, the narrow pH optimum with a steeper fall 
on the alkaline side than on the acid side in this study favours 
Thimann* s (54) view that the cells aay be unable to use the 
carbonate ion as a source of carbon dioxide while they could use 
bicarbonate ion on the alkaliiss side. 

However, from the studies of .xeyerhof (54) it is not clear 
whether the cells were acclimated before the rates of nitrification 
were calculated. In the present study, the organimas had mifficient 
opportunity for accliiaation as the experiiaents were conducted only 
after a aibstantial growth of the nitrifying bacteria as indicated by 
appreciable rate of nitrification was noted. 



C« Hij^rifioatlon in a Completely Mixed Continuous Flow Reactor 
t» Reactor dcaltm 

Th® two typ®s of biological reactor used in Sanitary 
iinginoering practice are exemplified by anaerobic digesters and 
trickling filters* in the latter* a supporting medium for the growth 
of microorganisms is provided while in the former the microorganisms 
remain in suspension* Before initiating the present phase of the 
study* both these two types were tested for their suitability* 

fhe reactor used has been described in the last chapter* First* 
it was started in absence of the sand bed* Figure 21 depicts the 
rate of nitrification without the sand bad till the 15th day, after 
which the sand bed was placed inside and subsequent rate of 
nitrification is also shown in Figure 21. It is seen that the rate 
of nitrification improved considerably by providing the sand bed. 
Luring this study, the reactor was filled once at the start with 
1^ mg/1 (0*01 M) Mij-H. The pH was maintained at 8.0. 

Next the reactor was fed continuously after removing the sand 
bed, the feed concentration being maintained at JQO m.g/'l (0*05 M) . 

The flow-rate was kept at 2l60 ml/ day and the pH was suaintained 
at 8.0. From Fiipre 22, it is seen that this experiment resulted in 
a complete wash-out. This wash-out, it may be ajpiehonded, was due to 
high flow-rate, iut in studies described later, with the provision 
of the sand bed, it has been fuuaa that nitrification continues at 
this flow-rate. Therefore, it is presumed that the sand bed promotes 
the g;rowth of microorganisms and in its absence, a hi^ flow-rate 
in excess maxiusuia growth rate constant, , may be responsible 
for a complete wash-out. In Figure 22, it is seen that the theoretical 
curve drawn with the assumption of no growth of nitrifying bacteria, 
closely proxiiaates the curve plotted nith observed values. It is. 
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FiG 21 NiTRlFlCATiON WITH AND WITHOUT SAND PFD 




FIG 2 2 THEORETICAL AND OBSERVED PLOTS EOF WASH C’J 
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FIG. 23- NITRIFICATION WITH RESPECT TO HYDRAULIC LOADING VARYING FROM 84 TO 336 TTH/day^d) 


therefore, concluded that no significant nitrification occurred 
at a flow-rate of 2l60 ml/day in the abaenc© of the sand bed and 
uitinately it remited in cosjplete wash-odt. 

Therefore, all the experiaenta carried out later were designed 
with the proTision of a sand bed to ensure hi^ rate of nitrification. 
2. Effect of hydraulic loading 

in this phase of study, a feed concentration of 700 ag/l (0.05 i'*) 
a a in the case of studying the effect of pH on nitrification, 
has been chosen because it has been found from earlier results that 
at this particular concentration of the extent of nitrification 

ie c^lte hi^ and, sBoroover, this may relate to actual influent 
concentration of at various fertilizer plants. For all these 

runs, pH was tciaintained at 8.0. 

Figures 2^ and 24 show how nitrification proceeded with respect 
to time when flow-rates and, therefore, hydraulic loadings expressed 
in inl/(day)(l) were varied, dinoe it was not known at which hydraulic 
loading wash-ait would occur, increasing order of hydraulic loadings 
as shown in Figures 2$ and 24 were not tried in time sejjience. 'ihia 
is apparent from the abscissa of these two plots. 

It is seen from Figjare 25 that almost coa^lete nitrification 
occurred up to a hydraulic loading of 204 inl/(day)(l) . The effluent 
contained about 6l/. and 5^o ^ concentration 

in the feed. Increasing th*. hydraulic loading above 204 ml/(day)(l) 
resuitud in incoraplet® nitrificntion. ht a hydraulic loading of 
584 ml/(d8y)(l), total nitrification \ms only to the extent of 
Juch a hydraulic loading for an influent concentration of 

100 mg/l v.'ould, therefore, not be suitable if complete nitrification 
la required. 
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FIG 2 4 NITRIFICATION WITH RESPECT TO HYDRAULIC LOADING VARYING FROM 336T0 528 iTt I /(dOyXI) 



In order to relate the above data to growth characteristics 
of microorganiams and there oy develop design criteria, they are 
plotted In Figure 25 in accordance with figure 5 given in chapter IX. 

The curves in figure 25 have been plotted by conaidering 
concentrations of and ISD^M at equilibrium conditions 

of different hydraulic leadings versus the dilution rate, !)• Pr<»tt 
this graph, it is seen that as the dilution rate increases above 
2 ^ 5 X 10 there is an appreciable concentration of in the 

effluent. 

In this context it nay be noted that dbaring denitrification, 

is converted to and thereafter, further reduction takes 

place. Since the proposed treatment process coanriaes of both 

nitrification and denitrification, nitrification aay be continued 

only up to the oxidation of to and further oxidation of 

to is not necessary. Bence in the present study, formation 

of only has been enqjhasized upon. However, while considering 

the formation of actual w 02 “i'i as a result of oxidation of 

total of both wOl-W and formed has been taken into account. 

y 

It may be noted that in this case, the mass of nitrifying 
bacteria found in the effluent would not represent the total mmber 
of them actually present in the reactor. It is quite likely that 
some of these bacteria would be sticking to the sand bed which provides 
them with a mpport* Furthermore, it may be assumed that only those 
bacteria which are sticking to the sand bed, X^, are capable of 
Lultiplication while those nitrifying bacteria which are in suspension 
and are coming out in the effluent, X2» cannot multiply and, therefore, 
do not contribute to nitrification. 

The steady-state relationships for concentrations of microorganisms. 
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FIG 25 RATE OF N^RlFICATION IN CONTINUOUS FLOW REACTOR 





product and substrate for the laboratory reactor can be written, 
respectiroly, a si 
dXi 

it “ ^^2 “0 (20) 

i£. « - DP -- 0 (21) 

dt 


dS 

dt 


D( bjj “ ” Jt s» 0 

^x/s 


( 22 ) 


i^efore the above equations are treated any further it may be 
recalled that the a^eolfic gjrowth rate constant, /U, has been described 
as a function of substrate concentration according to the following 
equation: 


/* 


A 


xmx 


Ky +• a 


(to) 


According to the data of .‘Meyerhof (4?) as plotted in Pig^e 26 
in terms of percent of xnaximum respiration rate at various substrate 
concentrations, it is seen that the activity is ssaxioum at 0.005 '•'* 
substrate concentration and lower at other concentrations. Since the 
respiration activity can be taken as a direct indication of specific 
growth rate constant, the ordinate of the plot in Figure 26 can also 
be taken as the ratio of specific growth rate constant to xaaxitaum 
growth rate constant, . comparing equation (10) with this plot, 
it is seen that it cannot be applied in case of the present system. 
Based on Pigurec^ the variation in yU with respect to substrate, £», 
can be defined by the following equations for range of aibstrate 
concs-ntration as shown. 

—690 .5 


S 4 

0.005 Idu-n, 

Ai _ 

1.05(1-. ) 

(25) 



/^Max 



s ^ 

0.005 h 

4 i _ 

1.147 " 
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If equations (20) to (22) can be reduced to 


at M 


t * Vx-^^2 

S =: 1>Q •• J( •Xjg 

^x/s 


Combining equations (2^) and (24) with abow and rearranging, 
For d ^ 0.005 ifij-U, 


S « 


t In (1 
<^90 ' 


^2 • ^ - ) 

X7 /^ax* ’*•05 


For 0.005 Mij-iJ, 


AX so. 


a = - -L, ( % • 3J ) 

23 i7 /%.*• '■''•7 

P a ^P/S ^*^0 "" 


(^ 5 ) 

( 26 ) 

(i^7) 


( 28 ) 

( 29 ) 

( 50 ) 

( 51 ) 


As reviewed earlier, the ratio of ;di^->K oxidized to «0^i. to 
carbon synthesized is about ^50 (54) . If it is assumed -that nitro^n 
content of the ceil is a,. (50) , «ie ratio of incorporated into 

the coll to those oxidized will be t t 200. This being a sjaall fraction, 
the constant, Ip/ / equatiom (51)caa be taken as equal to unity. 

Sii^e formation of cellular masa, X2» I® *^^1* importance 

in the present context, the constant, in equation (50) was not 

evaluated. 

To be able to predict the rate of formation of product, 
it is necessary that 3 in equation (51) be known under a given set of 
conditions. The unreacted aibstrate, 3, going out of the system can be 
eatiwteted from equations (28) ani (29). 

To evaluate for Jitr o aoraoi^ s , an ex} eriment on the growth 

of hitroaomonas was conducted. In this case, a culture vessel was 



inoculated with nitrifying seesd and the substrate concentration was 
Ic.'jit at 700 mg/1 (0.0> i ) The pH of the liquid in the vessel 

was kept at 8.0 by adding phosphate buffer to it. inorganic ledium, 
as described earlier, was also provided along with a sand bed. 

chile drawing sai&ples, the contents of the vessel were stirred 
vigorously so that the bacteria sticking to the mnd bed be in 
suspension* 

Figure 27 gives the plot of ;j“ij/l<X).tl, and 

orj^nic nitrogen for daily analyses of samples drawn fro,M the growth 
vessel containing 0.05 ’5 as the substrate. 

A coj^ariaon of the iiPi/lOOnal values of the growth vessel as 
shown in Figure 27 to those of the continuous flow reactor as snown 
in Figure 28 reveals that the number of nitrifying bacteria is 
considerably hi^er in the former case. Although it is true that 
these two systems are different, yet it can be noted from this 
comparison that in the case of continuous flow reactor, the number 
of nitrifying bacteria found in suapension does not represent their 
total number present in the reactor. 

With the data shown in Figire 27, Figure 29 has been prepared. 

Prom this, the value of out to be 0.121 day"**^. This 

value of seems to be logical since from I’eyerhof* s (47) data, 

has been found to occur at 0.005 (70 Kig/l) This 

concentration of corresponds to a value of dilution rate, b, 

in the case of continuous flow reactor with varying hydraulic loadings, 
as 0.51 day jiinoe is less then es ■*C2/*^1 ® fraction 

in equation (25), the value of as 0*121 day”^ can bo relied 

upon. 

The unreacted substrate, S, going out of the reactor can be 



800 



TIME 5 DAYS 

FIG -2 7. GROWTH OF NITROSOMONAS WITH RESPECT TO NITRIFICATION 
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F1G.29.GRCWTH CHARACTERISTICS OF NITROSOMONAS 
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• atiuiatud from equations (28) and (29) • 

The value of* X^/X.^ in equations (28) and (29) renaina to be 

estiraated. This value will be & function of dilution rate, D, 

surface area of the sand particles, and, the extent of agitation. 

For K given physical gyatew, all these factors are constant except 

the dilution rate. Variation of Xg/X-j with respect to D is calculated 

by equations (28) and (29) and the data of Figure 2% and plotted in 

Figure For these calculations, the value of yu has been taken 

' m&x 

as 0.121 day”'. 

Prom the data shown in Figure 27, the values of Ij/O have been 
calculated oop8i|dering that nitrogen, i’i, constitutes of the organic 
content of the cell and tn# carbon content, C, of the organic matter 
is (50) . The values of in/u have been found to lie between 2$ and 
52. These values show good conformity to the values of li/u as jO and 

obtained by taas-Leoking and Parks (A6) and ueyerhof (54) respectively, 
ttith these values of 14/0, energy relationships may be obtained. 

From the standpoint of free energy, with tfte values of free energy 
suggested by Clifton (50' and Stephenson (47), the free energy efficiency 
0^ ilitrosomonas lies between 9.4> and 6.^.. This gives good correlation 
to the free energy efficiency of Kitroaottonas as 5.9?> which was found 
by Meyerhof (4?) . However, Hoftoann and Lees (49) have pointed out that 
these calculations a ply only to the stage of ^owth the culture reaches 
at tne time of analyses are iisade end that, if old cultures are examined, 
then the values obtained may be low. In iiio case of .jitroaomona a , which 
Lofiiia*in und Lees (49) examined, the efficiency of young cultures 
a. pears to be of the order of 40;. whereas that of old cultures was 
ticnce it (.oy be assumed in the present case that the culture of 
ditrosomonas vms an old one which is evident froia free energy efficiencies. 





5* Lffeot of iiMb8tr«te concentration 


Zifiationa (28) and (29) show that the substrate ooncentration, 

J, in the reactor is independent of the feed concentration, a - which 

o 

ia the concentration of in the influent. I'his would be true 

j ifj all the bacteria present in the reactor woild wltiply. In this 

case as postulated earlier, only those microorganlaas are capable of 

Bwltiplication which are sticking to the sand particles. Jince the 

surface of the sand bed is a limitation for a particular reactor, 

Xl cannot increase indefinitely. As a result, the microorganiams 

would nitrify the influent and will account for same substrate 

? 

concentration up to a particular concentration of influent 
when it reaches the saturation level. After this particular saturation 
level, the substrate concentration of the reactor wcajld also start 
building up as the feed concentration increases. 

The above is demonstrated by the reailts of the experiment in 
which different feed concentrations were tried. Figure Jl and Figure 
52 ohow respectively how nitrification proceeded with time when 
varying doses of feed concentrations 
at 1060 ml/day and 8% nil/ day, respe 
«iith the values of 

conditions obtained from Figures jJI anc( Figure 55 has been 
prepared. From Figure 55, it is seen 

up to a value of 0^ equal to 700 £|or a flow-rate of IO6O ml/day 

and also up to a value of equal tc ^ mg/l when tko flow-rate is 
6-40 ml/day* Hence, it may be concluded that S is independent of Jg 
up to a certain value of Sg whicn stay as well depend on the flow-rate. 


were tried keeping the flow-rate 
tively, 

.i, land at equilibrium 










NH 3 -N CONCENTRATION IN THE FEED TANK, So, ms/l 
F!G .3 3 *RATE of nitrification WITH RESPECT TO SUBSTRATE CONCENTRATION 



For oitaliioa' a sake, a hypothetical example may be conaiderea 
here. 

Let certain fertilizer wastes contain 950 mg/1 of and 

nitrification is desired to the extent of 9^^.. The flow-rate of the 
incoming wastes is 640 ml/ day and the value of ^ assumed 

to be 0.121 day“^. The volume of the reactor is to bo designed. 

Since for a flow-rate of 6'^ ml/ day, o is independent of up to 
a value of equal to 950 mg/l, hence in this case, .i is independent 
of Sq. 

i.oreover, J is equal to 19 mg/1 or 1.4X10 h. Therefore, in this 
case, equation (28) is to be employed. 

Substituting the given values in equation (28) it is found that 

^2 -t 0.07 

Xi 

With the help of Figure JO and by trial and error method, the value of 

. -1 

jj comes out to be 0*1o day • 

lienee for a flow-rate of 640 ml/day. the volume of the reactor 


should be 4 liters* 



Yi. 


Baaed on -toe findinga of this study on nitrification employing 

nitrifying columnji culture Tessel^ and coB^letely mixed continuous 

flow reactor , the following conclusions ray be drawn* 

1. In the beginning, oxidation of nitrite to nitrate is rather slow 
compared to oxidation of ammonia to nitrite. This can bo attriUited 
to a lon^r lag period for Nitrobacter compared to that of 
i-jitroaomonaa . 

2 . both ammonia and nitrite at higher concentrations are responsible 

for inhibition of nitrifying orgaaims. Mitrosemonaa are inhibited 
by 1^(00 mg/l ( 0»10 M) and jL-iitrobacter are inhibited by 964 mg /1 

( 0*069 h ) lK) 2 ~N. Mitrosomonas are also iriiibited by ItOO m^l 

.(0.0799 

5 . Changes in pH level affect the rate of nitrification considerably, 
v'ptiiaum pH range for Nitrosomonas lies between 7*8 8.5 whereas 

the optimum pH range for Hitrobacter lies between 8.0 and 8.5. 

4. nitrification can proceed even at extreme pH values like 5*5 o*" 

9 . 5 , However, there la a ^adual fall in the rate of lutrifloation 
at pH values other than the optimum ones. 

5 . Provision of a sand bed in the reactor improves the rate of 
nitrification appreciably. 

6. A hydraulic loading of 20^ sal/C day)(l) for an influent concentration 

of 700 mg^l (CW)5 f’l) accounts for nitrification to the extent 

of 9 ^, At hi#er hydraulic loadings, nitrification becomes 
incffluplete. 

7. The value of the iBaximum gjrowth rate constant, /u ^^ , E«y be obtained 
for a particular value of jix and for a known substrate concentration, 
b, by the following relationships* 



( 25 ) 


For S ^0.005 a 

5 

=A«x-'*05 (1-.'^’° ®) 

For a ^0.005 M HHj-Sf, 

^ (24) 

8. The Yalue of /Ujj^ for a substrate concentration of 0.05 i'll! -S is 

0.121 day . The value of is hi^er than 'toat of a# X2/X^ 

in the following equation is a fraction. 

/U - 0. Xj/X, (25) 

9. The value of I^C for Hitrosomoaag has been found to vary between 
25 and 52. 

10* The free energy efficiency of Mitrosoaoiws lies between 6.4Sfc and 
9 »^* 

11. Surface of the sand bed tor a particular reactor is lunited and, 

hence, Xi cannot increase indefinitely. The microorganisms may 
account for same substrate concentration in the reactor up to a 
particular influent concentration of and up to the saturation 

level of the sand bed. After this, substrate concentration in the 
reactor starts building up as the feed concentration increases. 

12. S is independent of 3^ up to a certain value of Sq. This limit 
a^in depends on the flow-rate or hydraulic loading. The lesser 
the flow-rate, the hi#er will be the value of Sq up to which S 
is independent of S^. This value of 3^ is 700 mg/l and 950 

for flow-rates of IO6O ml/day and 640 ml/day, respectively, when 
the reactor volume is 5 



VXI* JUG&SIIOHiJ POtt FUl’Utki .«OR& 
it has been eiaphasizei before that waste treatment by the 
nitrification-denitrification aystea has not yet gained popularity 
and adniiration so far. As a reault of 1*ls, a considerable amount of 
extensive and exploratory research is needed in this field before 
such a system could be clearly and fundamntally well defined. 

However, in view of the conclusions arrived at from ttie present 
study on nitrification, tha following considerations seem important 
enough to warrant extension of the slaadyt 

1. iltudiea should be undertaken to evaluate further relationship with 
respect to temperature. It Is althou^ true that nitrifying 
bacteria are mesophilic in character and will be well developed in 
norml temperature zones which may range from 20^0 to • But in 
extreme climatic conditions, a study of effect of temperature on 
the rate of nitrification esay lead to optimization of temperature 
and thereby suggest the possible temperature zone for active 
nitrification* 

2. Studies should be carried out to assess the relationship of rate of 
aeration with the rate of nitrification* It is presumed, however, 
that the relationship may be linear up to certain extent, and 
thereafter, greater supply of oxy^n may not enhance the rate of 
nitrification which has attained the maximna value. 

5* atu'iies should be carried out to find whether an appreciable nitrate 
aeouaulation in the system ii:diibita or retards nitrification as 
nitrate will be accumulating with the progress of nitrification. 

4. Jtudies should be initiated to find the beat shape and size of the 
reactor vessel. Determination of effective depth is iaqportant in 
this case as the nitrifying bacteria develop only in aerobic conditions 



and as such, provision of shallow depth laay prove to be beneficia^l. 
.‘-lOreover, it has been found that sewage kept under qjiiscent conditions 
in shallow layers may reduce the time of nitrification. 

An attempt ^ould be made to find out the thickness of the sand bed 
for its hipest effectiveness* Moreover, it is presuiaed that 
replacement of such a layer after some time may enhance nitrification 
and, hence, an appraisal of this time interval between two 
replaoeiaeuts may be fully appreciated. 

6. An Inveetigation nay be carried out to find the values of 

for corresponding values of dilution rate, D, of tne reactor. In 
that case, the value of may be directly obtained from 

equation (25) • 

7. 1 resent study has been based with pure IE4CI solutions. Since the 
fertilizer wastes may contain other foreigh materials, all the 
findings of the present study may be evaluated in terms of different 
fertilizers available in the market. 
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